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INTERNATIONAL
CONFERENCE ON 1 ARGE ELECTRIC SYSTEMS
112, BOULEVARD HAUSSMANN, PARIS
SESSION OF 1954, MAY 1222

DISTANCE AND CARRIER-CURRENT RELAYING
SYSTEMS OF HIGH-VOLTAGE
TRANSMISSION LINES

by
J. A. Gaevenko, I. N, Popov, and E. D. Sapir

Discussed in this papzr arc both distance ond carrier-current
protective relaying devices used in the USSR. In the first part of
the paper the field of application of distance protection in the
USSR is defined and the various types of resistance relays in use
are described as well as elzciric interlocking intended to prevent
faulty action of distance protection devices incase of power swings
in the system or faults in the voltage circuils.

In the second part of lhis paper the principles of the direction-
al and phase-differential types of carrier-current protective relaying
devzloped in the USSR are discussed and the particular fealures of
the devices involvzd are noled relative to their use for the protec-
tion of the 400-kv lines urnder construction.
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operation of the system, no carrier-current relaying is pro-
vided, and distancc protection is used both as main and
back-up protection.

If carrier rclaying devices arc installed for back-up
protlection, often instcad of distance protective devices
simple overcurrent instantaneous cul-offs are wused in
conjunction with overcurrent directional relays which may
be used if they sccure 1he isolation of f{aults with a time
lag of not above 0.6 scc.

1. DISTANCE PROTECTION

At present, a greal number of varied distance relays
home as well as forcign made are in service in the USSR.

The accumulaled operaling experience has made it pos-
sible to appraise them and to define reasonable ways and
principles for further developments in the ficld of distance
protection.

Long-yecar practice has shown that it is not cxpedicnt,
as a rule, tfo usc distance protection for clearing cvery
kind of short circuit, the single-phasce faults inclusive.
Neither is it good to usc separate distance devices for
single-phasc faults. This Icads to a morc complicated
protection scheme, which can hardly be justilicd because
with faults of this kind a rcliable selective isolation will
in all bul cxceplional cases be secured by simple overcur-
rent dircctional relays®. It is only in some complicated
networks, where taking account of actual conditions we
must cxpect small currents and large fault resistances to
arise in casc ol ground fault, that the usc of reactance relay
protection scems reasonable. This kind of protection involv-
ing a compcnsalion scheme for a total drop of voltage
in the protected zone was designed in the USSR in 1940
and has since been used with success on scveral 110-
and 220-kv lines.

* These arc then made as three-step devices and have characler-
istics amalogous to those of dislance protection devices.

-5 —
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Generally  distance protection in the U->SKR is arranged
lo operate T1 response to polvplinse short vircuits.

As starlive elements, in networks with @ large ground
tault  currert.  dire idoml resistance rel ws are maiinly
used whose cheracteristic in a4 complex pl ne with ® and
X axcs has tne form o oof a circle passi g through the
origin. Thisx tvpe o relay best moeets th basic require-
ment which the stirting elements are i ended to satis-
fv, mamely heyv must oot be responsive t changes in the
input cresi-tinee oi the dine wader nor nal  operational
conditions « Jig. 1), Jompared ty other rvroes, these relays

/f

Fig. 1. Charact tistic ol cirection Fig. 2. Che acteristic of phase-

Al resistance  relayv (coeration limiting rel + .operation zono
zore ol rciny s shooled). of rel v is shaded).

are also less respor-ive o power swings. (f more perfect
restrainl fo o overlewd  and  swinging  is needed, phase-
limiting reiays are caserted in addition (F 1. 2).

In networks with a small ground faul' current where
the Ioads, as a rule. re smiller while the o yortance of fault
resistances s higher. impedance relays ar - used as start-
ing elemen s of the protection system ¢ current relays
wherever possibie.

“or distznee elements measuring  the  1:ngth of the
protected zone imoedance relavs. react nce relays and
directional resistan.e  relays have maini. heen used up
to the  presenic Yet reacltaoce relays  cre  gradually
coming our of use hecause of their comlexity and be-

P
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cause they may possibly operate not seclectively on two
feeder linés due to some feceding of fault resistances.

In order to diminish the influcnce of fault resistances
on the operation of impedance relays a shifting of the
characteristic of these reclays and the fixation of their short-
time setting (Fig. 3) arc practised.

For a reduction of the influence of transient conditions
in the primary circuits / and in the protection circuits
2 and for the climina-
tion of a dead zone
the protective relaying
schemes have resonance

circuits in the rclay- o
winding circuits.

Most of the distance
relays in the USSR arc
based on the four-pole
induction relay with & Fig, 3. Characteristic of directional
cylindrical rotor. This distance protectigﬂ with impedance
SyStCm l)el‘mitS most  ; _ resistance of protecrtzci Jine; 2 — operation

varied characteristics to
be obtained in a rather

zone of an impedance relay; 3 — operation zone
of a resistance relay with displaced charac-
teristle; 4 -— operation  zone of a directional
power relay. Shaded is the operation zone of

. . Ao the protcctive equipment including a direction-

Sxmplc way and also 41 power rela;/l and a resistance ré]al;c vylll‘h
. PR a displaced ¢ a .

prov1des the pOSSlb]]ﬂy 1 displaced characteristic

for an independent regulation of the main relay

parameters. It is only when requiremcents for sensitivity,
operation spced and other parameters arc exceptionally
high that somec other types of magnetic systems and
other relaying schemes are used. Scveral of these relays
are discussed below.

Of latc a new typc of relay has become widespread. It
operates in response to any iwo-phase fault at a point.
This is a polyphase compensation relay designed in the
USSR in 1945.

Its torque is delined as

Kep '

M=K U ,,— U,z 1Ucs —Uypylsina (1)

— 5 —
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only with such network parameters and such fault cur-
rents which permit a selective overcurrent instantaneous
cut-off of zero sequence operating with a wide margin of
sensitivity to be installed on the protected line.

d) The relay is inoperative for symmetrical conditions,
hence for such power swings and overloads as are not at-
tended by non-symmetrical short circuits. Therefore, using
it as a distance protection element of the sccond zone we
can dispense with interlocking clements for power swings
and block these relays only in individual cases while using
them for the first zone.

e} The relay is most sensitive and operates at high
speed, having an equal consumption with directional resist-

ABLC
l

G—/\/-/\/-G oA~ ~5
b= 5 1 rn Iy
Fig. 4. Schematic diagram of impedance relay.
w; and w,— Induction relay windings; T, and TI's — transformers with air-gapped

magnetie cores; Tg — potential antotransformer; Ry — added resistance; C; and
C, — condensers,
ance relays. The minimum currents for whicli the error of
~the relay is not above 10 per cent are several times smaller.
f) On short lines, where the relative values of fault resist-
ances are particularly great, the relay becomes inoperative
at higher resistance values compared to impedance relays
and directional gesistance relays.
On account of the important advantages of this relay its
field of application has been widening from ycar to year.
‘Like in several other types of relay, the influence of
transient conditions in the compensation polyphase relay
is reduced by inserting resonance circuits in the relay
winding circuits. The schematic diagrams of the polyphasc
compensation and that of the impedance relays are
represented in Figs. 4, 5 and 6.
Alongside of induction directional resistance relays some-

N
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times supplemented with phase-limiting relays other types
have of late been coming to usz on long heavily loaded
lines, namely: detective directional resistance relays and
several types of relays with special characteristics—ellip-
tical, oval, with sliding compensation, and others.

LBC

z—«’i—a

W
Ca N

Fig. 5. Sciiematic diagram of directional resistance relay.
wy and w.—Inducti:n relay windings; I'\—transformer with air-gapped magnetic core;

T, — potential a.totransformer; R, Evagrv;loe}?e.resistance; C, aand ;—condensers;

Detective schemes permit sensitive d. c. relays to be
used as operating elements of the protective arrangement,
such as electromagnetic relays with a closed magnetic
circuit (relays with armature release), polarized relays, etc.

4] ﬁ/%
T.? ’; ——‘

AdL

N\~ N\,
h=—lhilg= 1 T B~

Fig. 6. Schematic diagram of polyphase compensatfon distance relay.

w, and w,— Indnction relay windings; T\, and Ty — transformers with air-gapped
magunetic cores; 1y and T, — potential transformers; R, and K, —added resistances;
¢ and C.—condensers.

The torque of the detective direclional resistance relay
is defined as

o T
M K{IIZM.‘ __‘U_[ﬁ’s_} (3)

) 2 7

—_ 8 —
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where

U and f:_'—voltage and current at the site of the protec-
tive arrangement;

Z[,_s_=impedance of the line section to the end of
the protected zone.
Fig. 7 represents a schematic diagram of the direc-
tional resistance relay with armature release, designed in
the USSR in 1951.

g "
A
V4 »
lU( wg 1
Ry By

Tig. 7. Schematic diagram of detective directional resistance relay
based on armature release.

@y and @, — windlngs of armature-release relay; U and I — voltage and current

applied 1o the circult; 177 = lii_[t— — current in the relay releasing system proportionat

to the rate of varlatlon of the applled current; Ty and T, — transformers with air-
gapped magnetic cores; T, — potentlal autotransformer; ¥y and xg — chokes; Cq and
€7 — condensers; Rg, Ry, Ryo and Ry — added resistances; By; and B,y — rectifiers.

The protective arrangement receives vyoltages and cur-
ents of the re spective phases. In the setting regulation
scheme the currents are transformed into two compensa-
tion voltages of equal magnitude:

U,:[Zp.s.

92

One of them is applied directly across the rectifying and
smoothing circuit while the other is first subtracted from
the residual voltage KU and then is likewise supplied
through a scparate rectifying and smoothing circuit.

Currents I' and I, that flow at the output of these cir-
cuits, are proportional to the input voltages. The currents
are compired by a special bridge circuit, which excludes

—9 —
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the possibility of mutual influence of the rectified currents
and through a rectifier are conveyed to the operating ele-
ment of the relay with armature release. .

This relay has two magnetic systems: an operating (re-
‘taining) system with a closed magnetic circuit and a
ground armature and a releasing (repulsing) system which
in the event of a short circuit creates a force tending to
release the irmature. The releasing system is energized
through a differential circuit at whose output the current
is quite insignificant under normal conditions and also in
the presence of swinging but attains the required value
when a sherl circuit occurs.

Under normal conditions or in the event of a short cir-
cuit outside the protected zone there is a tlow of current
through the winding of the system because the direction
of the resultant rectified current coincides with the unre-
straining dir:ction of the rectifier. When a short circuit oc-
curs within the protected zone, the resultant current
changes its sign, and the rectifier does not let it ilow
through the winding. As a resulf, the magnetic flow in the
operating system and the retaining force are diminished
to an insignificant value, and the armature is released
closing the contacts.

There is practically no air gap in the magnetic circuit;
therefore, ihe very small ampere-turns of the operating
winding create a considerable retaining force. Owing to
this the relay can also be used as a sensitive zero indi-
cator.

The rectifier renders the relay sensitive to the polarity
of the current. The farge magnitude of the operating force
permits a reliable contact system to be established fit di-
rectly to operate a switch. Thus, the functions of all the
main protection elements are combined in this scheme
starting impulse, directional action, distanc: response, re-
straint for swinging and faults in the voltage circuits, clo-
sure of breaker disconnecting circuits. They are all com-
bined in a single mechanical operation--the release of
the relay armature. Thereby the problem of co-ordinating

— 10 —
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the operations of various elements of a protective system
is obviated and sensitivity, high speed of operation and
rehab]]lty are secured. Practically, the time of action of
this relay is equal to the duration of the: transient state in
the protection circuits. .
When the relay with armature release which operates
very quickly is uscd as the operating clement of the pro-
tection-scheme, we are faced with the problem of thor-
oughly smoothing out the rectified currents. Devices insert-
ed for that purpose on the side of rectified current will
possess inertia. On this consideration no special devices
~are provided for smoothing the current. The variable com-
ponent of the rectified current is reduced by fransforming
the single-phase current previous 1o rectification into threc-
phase current whercupon the components are rectified and
summed up. ‘
A dctective dircctional resistance relay arranged inaccord-
ance with the scheme just described will permit the mini-
mum current at which the error of the relay will not
exceed 10per cent {o be reduced to a value about 3 times
Iower than in the case of a directional resistance relay
based on the four-pole induction type relay system (with
equal consumption in the current and voltage circuits).
A schematic diagram of a detective distance relay
with an elliptical characteristic 1s shown in Fig. 8, and
its characteristic is shown in Fig. 12. Its torque is de-
fined as

. 1z
L/__ é17.5. (I_E)

} (4)

U and J=short-circuit voltage and current;

-

_‘U IZ“ (14 e)

where

ZP_S.:impedaﬁce of the protected section up to the
end of the zone;
e = cccentricity of the elliptical characteristic.

— 1] —
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This relay is very similar in design to-the directiona]
resistance reiay discussed previously. If e=0, the re-
spective exprossions for the torque become identical.

The only basic diiference in the scheme of Fig. 8 as
compared to Fig. 7, isthat it involves an additional regu-
lation of the eccentricity whereas the use of a polarized
relay is not at all obligatory; an armature-relcase relay can
be inserted instead on a similar scheme.

Important advantages are gained by the use of the relay
with the elliptical characteristic since it can be made in-

(:i” .'Z:j—
. W_M 4 Zy ks |
¢ I JEIE; % £o
s i e AP ;
v n F 3% 3F 3 B [_" £
w___

2 2% Ty [¥
Y “’é—:ij 3 "
T 18 fYy 7
Lo e EE 2, 5
T y Y Y

Fig. 8. Schematic diagram of a detactive distance relay with
an clliptical characteristic.

wy, @, and w,— poiarized relay windings; U and I — voltage aud current applled to

the cireuit; .7y, T; ind T, — transformers with air-gapped magnatic cores; Ty — poten-

tial autotransformer; .y, s &nd ¥, — chokes; (g, Cp and Cio -~ condensers; Ry, Ry
and R,, — added resistances; Byq, é’,s and B, - rectifiers.

operative-for input resistances of the line under normal
operational conditions and is a most expedient means of
protection of long heavily loaded lines.

In the relav with an oval characteristic designed in the
USSR in 1951 other non-linear elemenis instead of recti.
fiers are used, viz., the saturable transformers. Their char-
acteristics are chosen to have secondary quantities express.
ed through primary ones as similar power tunctions:

Uy=FKU" and I,=K\I]. (5)

With this condition satisfied and with secondary cur-
reiits aad voltages applied to <he directional resistance
relay circuit the relay characteristic in the complex R

— 12 —
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and X plane is obtained in secondary quantities as a
circle and in primary quantities as an oval (see Fig. 13).

By using saturable transformers we can obtain various
types of resistance relays.

When a component proportional to the short-circuit cur-
rent is added to the polarizing flux of an ordinary direc-
tional resistance relay, the characteristic is displaced in
a certain direction as if it were transferred electrically
along the line to compensate the voltage drop in the sec-
tion corresponding to the zome of displacement. If the
displacing voltage is supplied through a non-saturable
transformer, the displacement of the characteristic has
a constant value, independent of the current.

On the other hand, if the displacing voltage is sup-
plied through "a saturable transformer, the displacement
is smaller the higher the current.

When the fault point is nmear the remote end of the
line, the currents in the protected line decrease, hence
the compensation increases. The characteristic circle
slides along the line following the fault point. Such a
relay with ,sliding compensation“ was developed in the
USSR in 1950.

Other designs of a relay having a special characteristic
are possible, but the use of non-linear eclements ‘of some
kind is here an indispensable condition.

Modern distance protection cquipment includes various
auxiliary appliances intended to block the main operating
devices, i. e., to render them inoperative for swings, for
troubles in the voltage circuits, and so on.

Blocking appliances for swings were designed in the
USSR in 1938 and have since been used with success in
thousands of protective sets. The principle on which they
are based is to bring the protective device in operation
in response to a short-circuit fault for but a very short
time interval sufficient for its intended action and to take
it out of operation till the end of the short circuit or for
a time overlapping the possible duration of the short-
circuit fault conditions.

—13 —
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These appliances are started by means of a negalive
sequence current or voltage relays; in some individual
cases, they are started by means of a relay operating in
response to the rate of change in current or voltage.

+ , -

My Py A Pg H, 8
‘ -ANA——p }-mﬂ/:jfmr\—{
F3 e oe,
+—2x0° " 3 3 (3
T % o ﬁ I % { i ANAN ]I U
] H ,
(%1%

To pratective system

Fig. 9. Interlocking asrangement for power swings with immediate
resetting after isolation of fault.

Hy — negative sequence voltage relay; P, and F, — auxiliary relays; H, — voltage
relay; DC, and DCy — added resistances.

With this method an operation .of the protective device
for swings is practically excluded. Figs. 9 and 10 show
the wiring diagrams of two interlocking arrangements

which differ from each other in the method of returning .
P P2
GO )
&) ,
1 ﬁ_'}(“ﬁ p_j Uz H U2
== ! !
&, Py A
p, Dl 8,
0 o~
-_— S |
8, e,
G Yy
V£ 2)_1 £ Zj
1) protective system

Fig. 10. Interlocking arrangement for power swings
with lixed time resetting.
H, — negetlve sequence voltage relay. P, and P, — auxiliary

relays; B, —time relay; DCs, DCs and DC, — added resistances.
to the position where they are ready for operation again.
Interlock for swings is used in the relay practice of
the USSR both for the first and sccond zones of distance
protection. In the latter case the protective arrangement
includes a relay that registers the fact .of operation of the

— 1 —
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distanice-measuring element through the contacts of the
blocking relay. '

Interlock for troubles in the voltage circuits is obtained
by relays locked in through filters of zero sequence volt-
age. In the presence of zero sequence current these relays
come out of operation. One of such interlocking arrange-
ments is shown in Fig. ll.

aA8c

I

Fig. 1. Interlocking arrangement for faulls in voltage circuits.

T, and T, — current relays; Cg C, and G — condensers; [, — zero sequence current.

In the protection of long heavily loaded lines combined
interlocks have been designed for swinging and for trou-
bles in the voltage circuits; they are operated by a relay
responding to the Trate of current change. As sensitive
elements of the blocking appliance electromagnetic a. c-
relays or polarized relays energized through rectifiers are
used.

As an cxample of distance protection, where scveral of
the described appliances are used, we may indicate a
three-step distance protection for networks of 110—220 kv
with a large ground fault current. It includes starting
elements constructed in accordance with the scheme in
Fig. 5. The distance relaying includes two distance meas-
uring clements. One is designed in accordance with the
scheme in Fig. 5 and is iniended to operate for symmet-
rical short circuits while the other is constructed in accord-
ance with the scheme in Fig. 6 and is intended to operate
for non-symmetrical short circuits. :

This protection arrangement includes an interlock for
swinging, which is actuated by a negative sequence
voltage relay. According to the method of returning to
normal position adopted in the protected network for
similar arrangements, the device may be ready to repeat its

— 15 —
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= R
7] €;~ 7] >
Fig. 12. Elliptical characteristic Fig. 13. Oval characteristic of
of resistance rolay (operation resjstance relay (operation zone
zone of reley is shaded). of relay is shaded).

operation immediately after the short circuit is cleared, or
aiter a fixed ‘ime interval.

The directional resistance relay is blocked in the first
and second zones while the polyphase compensation relay
is blocked in the first zone only.

The protection relaying has a range of setting of
0.25 — 20 ohms. The current at which a 10 per cent ac-
curacy of operation is secured is 2 A for a setting of
0.75 ohm or more. The time of operation for faults within
75 per cent of the protected zone can de reduced to two
periods (40 milliseconds).

{I. CARRIER-CURRENT RELAYING

Two types of quickly operating carrier-current protective
systems have been designed in the USSR and have come
to extensive wuse on 110—220-kv lines: a directional
type with carrier-current blocking and a phase-differen-
tial type. Ir both of them filters for symmetrical
components are used making it possible to apply a smalt
number of very simple relays combining the simplicity,
of design with a high sensitivity. For all kinds of fault
currents they are highly sensitive both to non-symmet-
rical and symmetrical short circuits, yet thev are inoper-
ative for swinzs and overload.

16 —
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For very long 400-kv transmission lines under construc-
tion new types of quickly operating carrier-current protec-
tive  systems have been developed. '

On transit transmission lines of 110 — 220 kv provided
with three-phase automatic reclosing equipment both of
the above-mentioned systems have been used. On lines
with single-phase automatic reclosing the phase-differential
protective system may be recommended, since it can re-
main in operation and protect the line when two phases
are working whereas the directional type protective
system with fillers must automatically come out of oper-
ation in that case. Otherwise it will respond to two-
phase operational conditions when voltage transformers
are being connected to substation buses as if a fault
occurred in the protected zone.

On lines having branch circuits for power take-off
the directional protective system is mainly used because

- with this system it is casier to securc discrimination for

external faults. An added relay equipment is installed on
the branch circuit.

In both protective systems the same type of high-fre-
quency receiver-transmitter is used. An extensive use of
high-frequency channels on clectric {ransmission lines

“for purposes of relay protection, telemetering and super-

visory control makes it sometimes very difficult to choose
the proper carrier frequency of the given channel
so as to tune out from the receciver the interfering in-
fluence of the neighbouring high-frequency channels.
Within recent years a new receiver-transmitter cquipment
has been designed in the USSR and cxtensively applied:
to the two systems of protection. It is provided with a
quartz crystal conirol of the carrier frequency of the
transmitter, which permits the wuse in the recciver of a
frequency filter with a narrow pass-band whereby inter-
ference of different high-frequency channels is reduced
considerably. This, in turn, affords the possibility to in-
crease the number of high-frequency channels used si-
multaneously on electric transmission lines.

2—1126 - 17 —

Approved For Release 2003/12/02 : CIA-RDP80-00926A007300260001-4



Approved For Release 2003/12/02 : CIA-RDP80-00926A007300260001-4

Carrier-Current Relaying of 110—220-kv Lines

Fig. 14 represents a schematic diagram of the differen-
tial type prctective system used on 110--220-kv lines
and Fig. 15---a general view of the system’s panel. For
non-symmetrical short circuit the protective system is oper-
ated by relays responsive to symmetrical current com-.
ponents of negative and zero sequences. For symmetrical
faults the system is operated by a distance relay coupled

8
"

I A\ I o v
-] rV T l. -
_MT L,

ot
Tl e
2 _— H
|5 4 e

_

Fig. 14. Schematic diagram of the phase-diffcren-
tial carrer-current protective system for 110—
220-kv lines.
1—slarling element; 2 — manual control element of transmitter;

3 — tra.smitier; 4 —recelver; & - current phase comparing
elemen’. A — coupling condenser; I”— line trap; # - current
transformers; € — line circult breaker.

with a device which instantaneously responds to the
occurrence of a short circuit. For operation of this device
it is enough to have a non-symmetrical fault lasting
0.002—0.004 sec. A restraining arrangement prevents the
operation of the protective system in response to over-
loads on the line or to swings in the system. v

In the phase-differential protective system high-frequency
currents are used for comparing the phase angles of the
currents at the ends of the protected line via combined
filters of the fl»}—KQI'Q type for symmetrical current

- 18 —
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components of positive and‘negative scquences. The voltage
at the output terminals of the filter is used for {manual
control of the high-frequen-
cy transmittér operating at .
half-period intervals on indus-
trial frequency.

The filter of the /4~
4K/, type has several impor-
tant  advantages over the
Iy -+ Ko/, type  which is
likewise used in phase-differ-
ential protection. Above all,
with the use of the [, +K,/,
type filter the behaviour of
the phase-differential protec-
tive system is independent
of the fault -resistance in
case of internal faults, and
sensitive starting clements
of reverse sequence current
can be wused both wunder
two- and one-way fecd con-
ditions.

The use of the [,4-K,/,
type filter required a special
scheme because  otherwise
it would have been impossible
to usc it on account of:

(1) low sensitivity for sym-
metrical short circuits;

(2) lack of phasc-angle con-
stancy of the voltage across
the high-frequency transmitter. .
This takes place when the cur- [ig. 1% PaseL ot phssetfion
rent at the input of the filter 220-kv lines.
changes a nd when a non-lincar
resistance (voltage stabilizer) is inserted at the filter output
in order to limit the voltage for large short-circuit currents.

o — 19 —
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However, this cannot be permitted on account of the
operational ccnditions of the protective system ‘in case of
internal faulte when the currents at the two ends of the
line may considerably differ trom each other.

The problem of application of f,4- K/, type filter has
been solved hy inserting at the filter output a resistance
and a capacliy, the values of which are obtained from the
following expression:

2N =2 (6)

where Z, =1total impedance of the filter measured on the

cutput side with the primary circuit opened;
Zy=rcsultant impedance of the filter output
{:apacity and resistance);
v, and g9, —1he angles of the respective impedances
&,oand Zy.

When concition (6) is satisfied, voltage resonance takes
place in the secondary circuit of the /| + K./, filter, which
permits the protective system to be made most sensitive
to every kinc of short circuit. Moreover, the insertion of
a resistance and a capacily secures a constancy of the
voltage phase angle at the filter output when the current
at the input s altered.

The phase characteristic of the phase-differential relay
is shown in Fig. 16. In accordance with this curve the
blocking ang'e is taken to be ==45°. From theoretical
and experimental studies and from long experience in
service it may be concluded that with this angle the pro-
tective system 1is reliably blocked “for external faults.
The operaticn of the phase-differential system for internal
faults is shown by the oscillogram given in Fig. 17,
while its behaviour towards external faults is represented
by the oscillogram in Fig. 17,5.

A general view of the panel of the directional filter
type carrier-current equipment, as used in 110—220-kv

— 90 —
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networks, is shown in Fig. 18. The starting element in
this type of equipment is a relay responsive to negative

0 |
Py =eoe ol
08 7/ 7
04 Iprnld / T
03
Y% p

0 20° 40° 60° 80°100°120%40°160°180°160° 140° 120°100° 80°60° 40° 20° 0

Fig. 16. Phase characteristic of phase-differential carrier-current relay
for 110—220-kv lines,

sequence symmetrical components of voltage and current,
which acts in combination with a device registering instan-
taneously the appearance of a short circuit. With the

— 9] —
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starting element so designed it is possible to dispense i
with the use of separate starting relays for each: phase ;
and for the neutral. Besides, this starting relay exercises

L

Lb)
Fig. 17. Operation oscillograms of phase-diilerential :
carrier-current relay,

a — internal fault; & — external fault; [ — shori-clrcuit current: 2—- contact of trans- %l
mitter starting reiay; 3 — current of recelver; 4— contact of starting element in

tripping circuit; 5 - contact ¢f relay for connection of current-phase comparing ele- :
ment to receiver; ¢ - current in relay of current-phase comparing element; 7 — cur- &

rent In tripping circuit.

the functions of an element delermining the kind of fault
(symmetrical or non-symmetrical) and blocking the protec-
tive system for swings.
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An important feature of this directional filler type pro-
tective equipment is the remote controlled start of the
tragsmitter at the other end of the linc by carrier currents
' when the starting element comes

into operation at one of the line ends.

By means of a high-frequency return

signal this arrangement prevents the

protective equipment from inadvertent
opcration when the starting clement
at one of the line cnds refuses to
“respond to an external fault or to
ruptures in current and voltage
circuits. The wuse of a remote con-
trolled start for the {transmitter has
permitted an effective protection to
be established with only one starting
clement for both the high-frequency
and rclay part of the protective
equipment. -
A schematic diagram of the remote
controlled start of the transmitter by

AR To zeceiver
MMV
Statting clecuit
PR o
R
} Tzansmittez
o stazting
AN
1
Paatective system
cizcuit :
+
Fig. 18, Pancl of Fig. 19, Diagram of remote controll-
directional filter ed start of transmitter by carrier
type carrier-current currents {n directional filter type
protection for 110— protective equipment for 110—
220-kv lines, 220-kv lines,
— 93 —
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carrier currents is shown in Fig. 19. When the transmitter
is started at one of the line ends, a polarized relay PR
inserted in the anode circuit of the receiver comes into
operation at “he other end and also starts the transmitter.

The role of the directional element for power in this
~ protective equipment is played by a relay which in the
event of any kind of non-symmetrical fault responds to
reverse sequence power and in case of symmetrical
faults to direct sequence power.

Ca-rier-Current Relaying of 400-kv Lines

On account of the magnitude of power transmitted
along 400-kv lines and because of their great lengths the
requirements to be satisfied by the relay protection of
these lines are very high indeed. The conditions for sta-
bility in parallel operation impose strict time limitations
on the protetive response to short circuits which on
400-kv lines should not exceed 0.02 —0.04 sec. Contrary
to the present day practice, the 400-kv lines under con-
struction, in view of the responsible nature of their work,
will be provided with two sets of high-speed carrier-cur-
rent protective equipment designed on different principles.
Each of them will reliably secure a stable - operation of
the system in the event of a short circuit. When the
phase-differertial and directional carrier-current protective
systems are used in combination, the special advantages
of either can be turned to full account.

Just as in the case of 110—220-kv lines, the carrier-cur-
rent relaying of 400-kv lines involves the use of symmet-
rical compon :nt filters and is, therefore, inoperative for
swings and overloads in the system. In working out the
scheme single-phase automatic reclosing of lines was
taken into consideration, and it was also reckoned that
the line might go on for a long time with only two phases '
when the third one is in repair.

The large extension of 400-kv lines necessitates a more
sensitive protective equipment compared with that used
on 110—220-kv lines. Great lengths and the use of series

— 24—
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capacily compensation create specific conditions in a tran-
sient state’ caused by fault, which should be taken into
account. Because of the presence-of an aperiodic compo-
nent in the short-circuit current containing no frequencies
distinct from the main frequency of the industrial current.
special filters had to be provided in the protective systems.
of these lines for isolating the current and voltage of the
main frequency.

Capacitive currents in 400-kv networks are sometimes
comparable to short-circuit currents. So it was nccessary
to include in the protective system some devices for the
compensation of capacitive currents, which would prevent
the protective system from mal-operation for these cur-
rents on the occurrence of external faults. These devices
are connected to that phase sequence voltage for which
the system is operative. If they are inserted in each of
the semi-sets of the system, their admittance is defined
by .the expression

1 —chy! -
YK:WJT (7)
where
1= coefficient of wave propagation;
Z.=characteristic impedance of the line;

! =length of the linc.
The capacitive current I, thereby compensated in either
semi-set is defined as

1,=UY, e

where U =voltage of the respective phase sequence.

The phase-differential protective equipment of 400-kv
lines operates, as it does in 110—220-kv networks, for alt
kinds of short circuits, symmetrical or non-symmetrical.
A dew essential feature here, aside from the use of spe-
cial frequency filters and capacitive-current compensation
devices, is a starting element of a particular type, which
operates for non-symmetrical short circuits. It is designed
to mect the high requirements for sensitivity of the 400-kw
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lines protection. The current I, in the relay winding of
the new starsing elem:nt is defined as

[/;:f“]2—"i2221\'{ : !io —UOYUK: (9)
where

U, ,UO, J, and Iy =voltages and currents of reverse and
zero sequences at the sife of the equip-
ment;

Z, and Y, = impedance and admittance of the com-
pensation devices.

Owing to the compensation devices equal currents flow
in the relay windings of the starting elemenis at both ends
of the line in the event of an exetrnal fault, which is a pre-
requisite for selective operation ofthe phase-differential pro-
tective systerr. Admittance Y, is obtained from equation (7)
by substituting the values of Y and Z, corresponding to
the zero sequence components. Impedance Zy, of -the
compensation device blocking the starting ¢lement can be
determined from the relation

Zy=Z 0 (10)

2K

where v and Z. are to be assigned the values corres-

ponding to the reverse sequence components.
Since two types of carrier-current relaying are con-

templated on 400-kv lines, one of which operates for all
kinds of faul’, and the probability of symmetrical faults
being small, the dircctional protective system with car-

rier-current blocking is designed to operate for non-sym-
metrical faults.
In this comnection directional elements for negative and

zero sequencas are used that afford the possibility of
a sensitive and simple construction of relay.

In order that two-phase working condition of the line
should produce the same effect ‘on the protective system
as an external fault, feeding of the protection voltage
circuits through voltage ftransfcrmers connected to the
line is contemplated. Directional protective systems with
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carrier-current blocking having the above-mentioned qua-
lities are made in two types of different construction.

In’ one of them the -directional elements are power
induction relays of two-sided operation with a cylindrical

1DR,  4AR

. O O -
20Ro

1 R _ |

: 3‘%” 7 1AR-8 AR-151 Teansmitter
+ iR
- -LDHH 5AR O -
W
- Regivet
Prest BPS 13RR

DR2 FPact 14RR
e A———NIL
Lo HH AR

o © e B e AVAVAV: 2 F

acR-5 o
R 7,5 .
GAR 44 l/ To zeclosing

—AAAMS
12RR l

Fig. 20. Schematic diagram of directional protective equlp-
ment with carricr-current blocking involving an induction
power relay of two-sided operation.

yotor. On cither end of the line arc installed a negative
sequence and a zero sequence power relays. The electro-
magnetic forque at the power rclay is defined by the
equation
M=K Ulsing —K,U?—M,, (11)

where .
U and I =secondary phase voltage and current of

’ respective sequence;

v =displacement angle between U and [;
K; and K, =constants depending on the construction;
K,U2=torque that compensates the action of
capacitive currents of the line;
M, = mechanical counter-torque.

A schematic diagram of this type of directional pro-
tective system is shown in Fig. 20. If the power sign
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corresponds to that caused by an internal fault, the two '
power relays DR, or one of them, will act towards isola-
tion of th: fault setling the operating elements
in motion through the contacts of the polarized
relay P. If, on the contary, the power sign indicates an
external fault, the power relays act towards starting the
transmitter. The blocking signal is received by the check-
ing winding of relay P. The
! 2 transmitter is started for a
longer time than the duration
of an external fault (about
a 0.1 sec.); its delay is effected
by means of relay 4AR which
has a certain time lag in reset-
ting. This is the way to prevent
the protective device from mal-
operation for sharp deflections
of the moving system in a tran-
SO - sient state and for change in
power sign. The power and time
lags of the power relay are less
Fig. 21. Schematic diagram  ywhen jt acts towards starting
of directional protection with R
phase-responsive circuit. the transmitter than towards

1 —current  filter; 2 — voltage icolati ¢ i )
filter; 8 — directional element with the ]bOldthﬂ ot the mternal

phase-responsive circuit; 4—operat- fault‘
ing element; 5 — reception  of

restraining  signai: 6 — 1o restrain- In the other directional type
ing; 7 — 1o tripping.

protective system .with carrier-

current blocking (Fig. 21) the directing element is a
phase angle responsive arrangement with semi-conductor
rectifiers, which controls the power sign im the a. c.
circuit. It is provided with a summarizing transformer
having a three-leg core and with copper-oxide rectifiers.
The primary windings of the transformer, viz., the volt-
age windings on the two lateral Jegs and the current
winding on the central leg, are supplied from the respec-
tive symmetric component filters. Its two secondary wind-
ings are coennected through frequency filters to two
rectifying bridges; these bridges are in connection with

&

4
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a polarized relay responding to the difference of rectified
currents and with the starting valve of the high-frequency
Aransmitter responding to the difference of rectified volt-
ages.

In one of the lateral legs of the transformer the mag-
nelic fluxes created by E' and E” of the primary windings

-~
Ve
/
/
/
|
£>e”
£'=£7 0
:0 ?‘90
559:0 5"
y=£rE"=2¢! '
U, =0
E” E, r ‘ 1‘ ” t U
N Uy EMET £ 3¢ £ T
i
' Vi Y U” " , £
e £ » £ £ Uﬂ E’ U”
7 E’ )
A4 d
%=£+E ‘
]
b) ¢) d) e 1)

Fig. 22. Vector diagram of phase-responsive circuit.

@) general case: W0; EV+E; AU_=Up—Uy; b) E" = E; Up=E+E" Uyp=0;
AU _= E'4- E" ~—2E"”; ¢) UI = UII; AU . =0; d) UI =0; UH =E'+4E; AU_ =
= —(E - By = — 2E"; ) AU_ = (E' - E")— (E' — E") = 2E;

fyUp=Um AU_ =0, '
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are summec up geometrically while in the other their
geometrical subtraction takes place. Accordingly, the volt-
age at the secondary winding of one of the lateral Tegs
will be proportional to the geometrical sum of the fluxes,
or of £ and E", while at the secondary winding of the
other it will be proportional to the geometrical difference
of the fluxes. In the circuit of the rectifying bridges
loaded with the difference between the rectified currents
or voltages an algebraic subtraction of the secondary volt-
age moduli takes place (see vector diagram in Fig. 22).

The differcnce between the rectified wvoltages AU_ (or
currents) changes in sign and value as a lunction of the
displacement angle between the fluxes, or between E*
and E", according to the relation

all -,__UI*UHTQ'E" COS'H). (12)

Thus, the rphase-responsive arrangement can be used
directly as a directional element of cosine {ype.

In the protection system we are concerncd with phase-
responsive arrangements are used as directional elements
for negative and zero sequences. The vectors £ and E”
which create the {fluxes in the summarizing transformer
are linked with the currents anc¢ voltages by the relation

F=KU;E'=K,(i—1,) (13)
where

U, [=phase voltage and phase current of respective

seqlience;
ichonlpensation current proportional